A simple model for low energy rm scattering is proposed. It is made up of the Veneziano amplitude with a single satellite term and a non-Veneziano amplitude (non-resonating back ground or Pomeron term). The rc+n-and rc+rc 0 total cross sections are calculated at low energies using the amplitudes. The results are consistent with the data. Moreover, the rcrc s-wave scattering lengths are estimated. The results are consistent with those of current algebra. It is shown that the contribution from a non-Veneziano amplitude is not negligible even at low energies within the present model. It is also shown that the present model approximately fulfills threshold unitarity. § 1. Introduction Since the Veneziano model was proposed, it has been applied to various processes and many interesting results have been obtained.
Since the Veneziano model was proposed, it has been applied to various processes and many interesting results have been obtained.
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However it seems that it still remains an open question to what extent this model is realistic. We can list the following as the main important problems which one may meet in a phenomenological application of the Veneziano model; i) unitarization; ii) treatment of Pomeron or the non-resonating back ground, which may be closely connected with problem i); iii) various ambiguities in constructing the amplitudes for scattering of particles with spin.
In such circumstances, the total and elastic cross sections have recently been measured for 7tTC scattering at low energies.
2 )
It may be interesting to apply the Veneziano model to rcn scattering and compare the results with the data. In doing so we have to take the problems mentioned in i) and ii) into consideration. Now, let us first consider the Veneziano amplitudes without the satellite terms as the nrc scattering amplitudes at low energies.
etc.
These amplitudes have been used by Lovelace 4 )
The purpose of this paper is to construct simple low energy amplitudes under the following assumptions and to compare the results with the data. Assumptions:*)
I) The low energy nrc scattering amplitudes F are constructed from two components.
( 1· 2) where Fv and Fbg (or FP) mean the Veneziano amplitudes and the non-resonating background (or Pomeron) contribution, respectively. II) Fv has appropriate satellite terms. III) The trajectory functions a(s) have an appropriate imaginary part. The assumption I) is made according to the Harari-Freund hypothesis 5 ) and it means that there are some possible non-V eneziano contributions for the physical amplitudes even at low energies. The assumption II) is made in order to avoid the difficulty of unitarity violation mentioned above. The assumption III) is made in order to give non-vanishing total widths to the resonances involved in Fv.
In § 2 the amplitudes Fv are constructed and the total cross sections are calculated at low energies using the optical theorem. The results are compared with the data. In § 3 F P is estimated near the threshold and the s-wave mr scattering lengths are calculated. The threshold unitarity of the present model is also estimated. Discussions are given in § 4. § 2. Model for Fr and calculation of total cross sections We simply take the following expressions for F v :
etc.,
where B (x, y) is a beta function. In Eq. (2 ·1) we take the following expression for the exchange degenerate p-f Regge trajectories:
One of reasons why we take the above expression for Im a(s) IS based on the argument given by Roskies.
Throughout this paper, a' and ao are fixed at 0.89 (Ge V)-2 and 0.48 respectively and the parameter {1 in Eq. (2 · 2) is determined to be {1=0.14 from the p-meson total width T/=110MeV.
*) The original motive from which we propose these assumptions is in the argument of DiGiacomo et al.B) Equation (2 ·1 The last two conditions are necessary to suppress the over-contributions of some daughter mesons. The results are shown in Fig. 1 . vV e hereafter take b = 0 as a simple solution on the basis of the results shown in Fig. 1 . In this case, the allowed region of a parameter c is -0.29<c<-0.23 (Ge V)" as is shown in Fig. 1. Then we find that a reasonable value for (ffo+t-(s"--'?n/') is obtained if we take c::::::::-0.28(GeV)2. Now we can calculate the elastic widths of each resonance involved using Eq. (2·1) with the fixed parameters a= -23.8(GeV)-2 , b=O and c= -0.28(GeV)2. Numerical results are given in Fig. 2. From Fig. 2 , we see that our results are similar to those of Shapiro Next we calculate the n+1c and n+n° total cross sections using Eqs. (2 ·1) and (2 · 2) with the parameters deter- The results are shown in Fig. 3 with the relevant experimental data. It seems that our results are consistent with data.
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We then obtain the following relation: This is a zero point for the Is= 0 nn scattering amplitude Fis=o which has been predicted using current algebra techniques.
)
We then obtain a relation FPis=O Next, in order to examine the threshold unitarity of the· present model, we calculate the total cross sections at the threshold by two different methods. One is to use the optical theorem and the other is to use the s-wave scattering lengths. We obtain the following results: In this paper a simple model which describes successfully the low energy nn scattering has been constructed. The calculated total cross sections are consistent with the data. However, as shown in Fig. 3 , there are discrepancies of about 10mb from the data in the off resonance regions. Moreover, the present model apparently gives o;o•t"+=O contrary to the experimental data (o;o+t"+lexp::;10 mb 10 )).
In this case there is also a discrepancy of about 10mb from the data. These small discrepancies appear in the regions where it is considered that the resonance tails give important contributions. These may be removed by a more complete unitarization of the Veneziano model. It remains as a further problem.
In § 3, we have calculated the nn s-wave scattering lengths and obtained the results consistent with the current algebra. When the scattering lengths have been estimated, a possible contribution from the non-V eneziano term has been taken into account. If we neglect it, we then obtain large negative a 0 and a 2 • In that case, the model (Eq. (2 ·1) only) largely violates the threshold unitarity. Accordingly we may conclude that there is a singnificant contribution from the Pomeron or the non-Veneziano amplitude to the real part of the amplitude and the contribution is important in order to fulfill the unitarity.
